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Abstract
Background: China’s unprecedented internal migration has left 61 million rural children living apart from parents.
This study investigates how being left behind is associated with children’s growth, by examining children’s height
and weight trajectories by age, testing the accumulation and critical period life course hypotheses.
Methods: Data were drawn from five waves of the China Health and Nutrition Survey (CHNS). Multiple cohorts of
children under 6 years old from 1997–2009 were examined (N = 2,555). Growth curve models investigated whether
height and weight trajectories differ for children who were left behind at different stages of the life course: in early
childhood (from ages 0–5 but not afterwards), in later childhood (from ages 6 to 17 only), and in both early and
later childhood (from ages 0–5 and from ages 6–17), compared to their peers from intact households.
Results: Boys who were left behind at different life stages of childhood differed in height and weight growth
compared with boys from intact families. No significant associations were found for girls. As young boys turned
into adolescents, those left behind in early childhood tended to have slower height growth and weight gain than
their peers from intact households. There was a 2.8 cm difference in the predicted heights of boys who were left
behind in early childhood compared to boys from intact households, by the age of 14. Similarly, the difference in
weight between the two groups of boys was 5.3 kg by the age of 14.
Conclusions: Being left behind during early childhood, as compared to not being left behind, could lead to slower
growth rates of height and weight for boys. The life course approach adopted in this study suggests that early
childhood is a critical period of children’s growth in later life, especially for boys who are left behind. The gender
paradox in China, where sons are preferred, but being left behind appears to affect boys more than girls, needs
further exploration.
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Background
@China’s unprecedented internal migration has left
around 61 million rural children under 18 years of age
living apart from either one or both parents, which
accounts for 37.7 % of total rural children, and for 21.9 %
of all children throughout China [1]. A growing number
of cross-sectional studies suggest that left-behind children
(LBC) in rural China are more likely to undergo restricted
growth (i.e., stunting and underweight) than non-left-
behind children (non-LBC) from intact families [2–6].
However, one survey in rural Southern China indicates
that there are no differences in height between LBC and
non-LBC aged 10–18, although LBC tend to be more
likely to be overweight and/or obese than their peers [7].
Although they provide interesting findings, these studies
are based on cross-sectional data and focus on relatively
narrow age ranges, failing to capture the effects of parental
migration on children’s nutritional health as they grow.
They also confound age and cohort effects, and are prone
to selection bias due to lack of adequate control for
individual-level heterogeneity [8].
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The limited longitudinal studies on LBC and growth
report conflicting associations between parental mi-
gration and children’s nutritional health. A longitu-
dinal analysis of the China Health and Nutrition
Survey (CHNS) indicates that parental migration does
not appear to significantly affect children’s overweight
status, while older children (aged 7–12) of migrant
parents are more likely to be underweight, as com-
pared to non-left-behind peers [9]. In a later study
examining the same dataset, Mu and de Brauw [10]
investigate the impact of parental migration on nutri-
tional status of children aged under 5 at baseline who
were followed up in terms of height-for-age Z-scores
(HAZ) and weight-for-age Z-scores (WAZ) and show
that parental migration does not significantly affect
young children’s HAZ, but it improves their WAZ.
Although these studies improve on the cross-sectional
limitations of early studies, both use fixed effects
models that only analyse within-child change in
height and weight, rather than between-child differ-
ences, failing to detect heterogeneity in growth be-
tween children according to their left behind status.
This is an important limitation, as differences be-
tween LBC and children from intact households may
increase as they get older.
Another limitation of existing longitudinal studies is
the lack of consideration given to life course effects, as
they fail to distinguish between the effects of parental
migration at a critical period of the children’s life
course (for example, during pre-school years), and do
not investigate whether the effects of parental migra-
tion accumulate over the children’s life course, if they
are left behind during separate spells as they grow up
[11]. It may be hypothesised that being left behind at a
younger age (for example, when under 6 years of age
before the children start school) may have a stronger
adverse effect on children’s subsequent growth than be-
ing left behind at later stages of childhood — a so-
called ‘critical period hypothesis’ [12]. On the other
hand, the effects of being left behind on children’s nu-
tritional health may accumulate throughout the child’s
life course, as argued by the accumulation hypothesis
[13]. According to the accumulation hypothesis, being
left behind by migrant parents in early and later child-
hood can have a cumulative effect on children’s growth
and development, and can therefore be more detrimen-
tal than being left behind during a critical period.
The aim of the present study is to address the previ-
ous limitations in the literature and to investigate the
associations between being left behind at different
stages of childhood and children’s nutritional status in
terms of physical development in relation to the accu-
mulation and critical period hypotheses in life course
epidemiology.
Methods
Data
The China Health and Nutrition Survey (CHNS) is an on-
going open cohort, international collaborative project be-
tween the Carolina Population Centre at the University of
North Carolina at Chapel Hill and the National Institute
of Nutrition and Food Safety at the Chinese Centre for
Disease Control and Prevention. It employs a multistage,
random-clustered sampling process to draw a sample of
about 4,400 households with a total of about 19,000 par-
ticipants from over 200 communities or neighbourhoods
in nine provinces, with the first round conducted in 1989.
Although the CHNS is not a nationally representative
sample [14], the counties within selected provinces were
chosen to represent a range of income level, and provinces
vary substantially in geography, economic development,
public resources, and health indicators.
The survey has been approved by the institutional re-
view committees from the University of North Carolina
at Chapel Hill and the National Institute for Nutrition and
Food Safety, China Centre for Disease Control and Pre-
vention. All participants and/or their parents/guardians
provided written informed consent for their participation
in the survey.
Target population
This study used data from the five waves of the CHNS,
collected in 1997, 2000, 2004, 2006, and 2009. The status
of being left behind was operationalised using the house-
hold roster: from 1997 onwards, if one household mem-
ber in a previous round of the CHNS was not residing
in the same household in the current survey, the re-
spondent was asked for the reasons for his/her absence.
In this study, children under 18 years old whose parent
(s) have left the home to seek employment elsewhere are
defined as LBC. Children varying in age (between 0 and
6) were recruited in 1997 and then followed up for
12 years up to 2009, by drawing on accelerated longi-
tudinal designs [15]. This allows us to explore age-
outcome trajectories over a broader age span (between 0
and 18) during a relatively shorter study period (from
1997–2009). In addition, we also followed up multiple
cohorts of the age range between 0 and 6 in 2000, 2004,
2006 and 2009. Multiple cohorts at different waves in-
cluded not only new-born eligible children, but also a
new province that was added from 2000, and villages
lost to follow-up returned in later waves [14]. Children
with non-missing values on outcome variables and key
predictors were kept in the analysis, yielding a total sam-
ple of 1,231 children with 2,555 observations.
Variables
Child growth is an important public health indicator for
monitoring nutritional status and health amongst children
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[16]. Poor nutritional health, regardless of its aetiological
origins, can affect growth to some extent [17]. Anthropo-
metric measurement (e.g., height and weight) is highly
recommended to assess nutritional status for children and
adolescents [18]. The CHNS recorded height and weight
for each individual within the household, measured by
health professionals. Height and weight were used as out-
come variables.
To examine critical period and cumulative effects, we
created a four-category time-invariant variable to indi-
cate at which stage of childhood years the child was left
behind, ranging from ages 0–17: children from intact
households who were never left behind and were the ref-
erence group; children who were left behind only in
early childhood, from ages 0–5, but not in later child-
hood during school years, from ages 6–17; children who
were left behind in both early and later childhood; and
children who were left behind only in later childhood,
from ages 6–17, but not from ages 0–5.
We adjusted for a range of demographic and socioeco-
nomic factors, including age, gender, insurance status
(whether a child has insurance or not), only child
(whether a child is the only child within a household),
household size, annual household income per capita,
maternal education (the number of years of formal edu-
cation completed), and maternal height and weight. We
also included wave dummies and province dummies to
capture time and geographical effects respectively.
Given the possible recall bias in income data from
CHNS, we created a household asset score using principal
component analysis on the household items that mainly
included having a colour television, washing machine, air
conditioner, tap water, and flush toilet. This asset score
was used as a measure of socio-economic status for each
household at each time point from 1997–2009. Compared
with household income or expenditure data, asset-based
measures of socio-economic status are more reflective of
longer-term household wealth or living standards [19, 20].
Analysis
Growth curve models, which model individual differ-
ences in change/growth over time, are appropriate to
use with data where repeated measurement occasions
are clustered within participants [8] because they take
into account the dependence of residuals due to covari-
ance between the levels in the data. Failure to account
for the inter-dependence of residuals can underestimate
standard errors, leading to biased estimates. A key ad-
vantage of growth curve models is that they can be esti-
mated in the presence of unbalanced and incomplete
data under a Missing At Random (MAR) assumption
(missingness is not associated with the value of missing
variable itself but associated with other observed vari-
ables) [21]. All children whose height or weight was
measured on at least one occasion were included in the
analysis. Only missing occasions were automatically re-
moved from growth curve models, rather than children
with any missing data.
The growth curve models can be expressed by equa-
tions at two levels and fitted by using MLwiN Version
2.28 [22], within multiple occasions (Level 1) nested
within children (Level 2) over time. We also run three-
level models further accounting for household level
(Level 3) as there may be more than one child within
the same household. And the household-level clustering
effects were found to be relatively small and statistically
insignificant. Hence we reported two-level growth curve
models in this paper and assumed that the household
clustering effects are negligible. Children’s age was used
as the indicator of time metric. In order to facilitate
parameter interpretation, we centred age at the grand
mean.
The individual growth model or level (1) submodel
takes the following form:
Hij ¼ π0j þ π1jAgeij þ π2jAge2ij þ π3Dij þ εij ð1Þ
Where Hij is the nutritional status in terms of height
and weight measured for the jth (j = 1,2,...,N) child at oc-
casion i (i = 1, 2,...,T). Use of a quadratic function, Ageij
and Ageij
2 allows for non-linear changes so that the ef-
fects of age on Hij can increase or decrease over time.
π0j denotes jth child’s nutritional status at mean age. π1j
captures linear growth rate and π2j captures the curvilin-
earity of the growth trajectory and are allowed to vary
between children, so that the model estimates different
growth curves for each child. Dij represents a set of
time-varying covariates; its effects on children’s nutri-
tional status are denoted as π3. εij is the Level-1
residuals.
We would expect that the children’s nutritional status
at mean age is likely to be confounded by background
time-invariant predictors that bear on children’s nutri-
tional status, such as only child, and being left behind at
different stages of childhood.
The level (2) submodel can be written as:
π0j ¼ π00 þ π01Xj þ π02Mj þ U0j ð2:1Þ
where π00 indicates the average nutritional status at
mean age. Xj represents other time-invariant covariates
at the individual level, other than being left behind at
different stages, and π01 represents its effects on chil-
dren’s nutritional status at the mean age. Mj is a four-
category time-invariant variable denoting the stage of
childhood when the child was left behind: the reference
group is children from intact families who were never
left behind; and another three categories refer to chil-
dren who were left behind in early childhood only,
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children who were left behind in both early and later
childhood, and children who were left behind in later
childhood only respectively. π02 represents its effects on
children’s nutritional status at mean age. U0j represents
how the jth child’s nutritional status at mean age devi-
ates from the average initial level π00.
To examine whether growth rates of nutritional status
differ between children left behind at different stages of
childhood compared to children from intact families, we
estimate the interactions between the left behind stage
variables and children’s age (linear and quadratic terms).
The Level-2 submodels for growth rates take the fol-
lowing forms:
π1j ¼ π10 þ π12Mj þ U1j ð2:2Þ
π2j ¼ π20 þ π22Mj þ U2j ð2:3Þ
Where π12 and π22 indicate non-linear associations be-
tween being left behind at different stages of childhood
and growth rates of children’s nutritional status. U1j and
U1j are individual-specific random effects: U1j and U2j
indicating how the linear growth rate and the quadratic
growth rate vary in accordance with the average linear
growth term π10 and the average quadratic growth rate
π20 respectively at the mean age.
The model assumptions are expressed as:
εij∼N 0; σ2
  ð3:1Þ
U0j
U1j
U2j
0
@
1
A∼N
0
0
0
2
4
3
5;
σ20
σ10
σ20
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σ21
σ21
σ20
σ21
σ22
2
4
3
5
8<
:
9=
; ð3:2Þ
Cov (εij,Uoj) = 0, Cov (εij,U1j) = 0, Cov (εij,U2j) = 0
where Level-1 residuals εij are assumed to follow a nor-
mal distribution, Level-2 residuals U0j, U1j, and U2j are
assumed to follow a multivariate normal distribution,
and Level-1 residuals are independent of Level-2 resid-
uals. Equation 3.2 presents variance-covariance matrix
among the Level-2 residuals. σ0
2, σ1
2, and σ2
2 denote vari-
ances for children’s nutritional status at mean age, the
average linear growth rate, and the average quadratic
Table 1 Characteristics and health outcomes of children (aged 0–17) by gender in rural China
Wave
1997 2000 2004 2006 2009 N
Boys Proportion (%)
Only childa 37 (22.0) 55 (22.5) 97 (28.5) 118 (34.7) 188 (50.7) 495
Never left behind 120 (71.4) 157 (64.1) 226 (66.3) 217 (63.8) 249 (67.1) 969
Left behind in early childhood only 4 (2.4) 16 (6.5) 35 (10.3) 47 (13.8) 67 (18.1) 169
Left behind in early and later childhood 5 (3.0) 14 (5.7) 22 (6.5) 19 (5.6) 18 (4.9) 78
Left behind in later childhood only 39 (23.2) 58 (23.7) 58 (17.0) 57 (16.8) 37 (10.0) 249
Mean (s.d.)
Height (cm) 93.6 (13.7) 103.2 (17.5) 114.8 (24.6) 117.9 (27.0) 120.3 (30.5) 1465
Weight (kg) 14.3 (3.6) 17.4 (5.6) 22.6 (10.0) 24.4 (12.1) 26.179 (15.0) 1465
Age (years) 3.6 (1.7) 5.1 (2.5) 7.0 (3.7) 7.5 (4.2) 7.6 (4.8) 1465
Household income per capita (RMB) 3100.7 (2735.1) 3508.4 (2741.4) 4594.5 (4088.1) 4938.8 (5103.2) 8471.8 (7968.2) 1465
Asset score 1.2 (0.7) 1.2 (0.8) 1.6 (0.8) 1.7 (0.8) 1.8 (0.8) 1465
Girls Proportion (%)
Only childa 26 (23.4) 32 (18.4) 61 (23.6) 85 (30.9) 102 (37.5) 306
Never left behind 82 (73.9) 112 (64.4) 166 (64.3) 179 (65.1) 182 (66.9) 721
Left behind in early childhood only 7 (6.3) 8 (4.6) 27 (10.5) 37 (13.5) 38 (14.0) 117
Left behind in early and later childhood 4 (3.6) 10 (5.8) 17 (6.6) 16 (5.8) 16 (5.9) 63
Left behind in later childhood only 18 (16.2) 44 (25.3) 48 (18.6) 43 (15.6) 36 (13.2) 189
Mean (s.d.)
Height (cm) 90.5 (14.9) 103.0 (17.2) 112.5 (25.3) 116.8 (26.9) 120.8 (27.2) 1090
Weight (kg) 13.2 (3.7) 16.8 (5.1) 21.4 (9.8) 24.0 (12.4) 25.9 (13.7) 1090
Age (years) 3.3 (1.8) 5.2 (2.4) 6.7 (3.7) 7.4 (4.2) 8.0 (4.7) 1090
Household income per capita (RMB) 3232.9 (2796.2) 3593.2 (3626.2) 4600.4 (4162.2) 5416.7 (5865.4) 7158.6 (6862.7) 1090
Asset score 1.3 (0.7) 1.2 (0.7) 1.6 (0.8) 1.7 (0.8) 1.7 (0.8) 1090
aWhether this child is the only child within a household
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growth rates, respectively. σ10 and σ20 indicate covari-
ances for children’s nutritional status with linear and
quadratic growth rates. σ20 represents covariance be-
tween linear and quadratic growth rates.
The better fit of the models is associated with lower
values in −2 log likelihood statistics. Nested models are
compared through deviance statistics (difference in −2 log
likelihood) over the difference in degrees of freedom using
an ordinary chi-square distribution [8]. A significant dif-
ference between two nested models indicates that the
models with the lowest value have a better fit to the data.
Given the sex difference in physical development [23], we
perform subgroup analyses based on stratification by gen-
der for boys and girls separately.
Results
Table 1 describes the nutritional outcomes in terms of
height and weight, and socio-economic characteristics
of boys and girls aged 0–17 from 1997–2009. In gen-
eral, boys were more likely than girls to be the only
child within a household. Boys were more likely than
girls to be left behind in early childhood except in 1997
and 2004. Children’s economic status in terms of
household income per capita and asset score improved
over time, and girls tended to be better off than boys.
There were no significant gender differences for height,
weight and age.
Table 2 presents the coefficients and standard errors
of the quadratic growth curve models (with age and
age2 terms) of height separately for boys and girls.
Among boys, Model 1 shows that boys from intact fam-
ilies were 115.7 cm tall on average at the age of 7, and
grew about 6.4 cm (6.58–0.14) from age 7 to 8. Being
left behind at different stages of childhood was signifi-
cantly associated with height (p < 0.01) and the interac-
tions with the linear and quadratic terms denoting
children’s age were also significant (p = 0.01). Further-
more, the interactions between being left behind and
the age terms remained significant even after adjusting
for a range of socio-economic and socio-demographic
confounders (p < 0.01) (Model 2). The predicted heights
for boys at different ages from Model 2, Table 2 are
shown in Fig. 1. On average, by teenage years, boys
who were left behind before the age 6 appeared to grow
Table 2 Estimates (standard errors) of height and growth curve models fitted to boys and girls
Boys Girls
Fixed effects Model 1a Model 2b Model 1a Model 2b
Intercept 115.70 (0.35) 116.68 (0.96) 115.76 (0.41) 117.14 (1.05)
Age (mean centred at age 7) 6.58 (0.06) 6.41 (0.07) 6.67 (0.06) 6.55 (0.07)
Age2 −0.14 (0.01) −0.16 (0.01) −0.19 (0.01) −0.20 (0.01)
Left-behind stage (reference group never left behind child aged 7)
Never left behind 0 0 0 0
In early childhood only 2.62 (0.91) 1.99 (0.80) −0.82 (1.09) −0.21 (0.93)
In early and later childhood −1.51 (1.25) −0.25 (1.05) −1.94 (1.42) 0.06 (1.17)
In later childhood only −1.64 (0.79) −0.40 (0.66) −2.03 (0.92) −0.40 (0.76)
Deviance statistics 16.63 7.15 6.10 0.31
P-value for Chi-square (df = 3) <0.01 0.07 0.11 0.96
Interactions (reference group never left behind child aged 7):
Age × Left-behind stage:
In early childhood only 0.17 (0.23) 0.01 (0.22) −0.42 (0.21) −0.46 (0.20)
In early and later childhood −0.23 (0.23) −0.38 (0.23) 0.02 (0.22) −0.19 (0.23)
In later childhood only −0.35 (0.14) −0.36 (0.14) 0.03 (0.15) −0.08 (0.16)
Age2 × Left-behind stage:
In early childhood only −0.09 (0.04) −0.10 (0.04) 0.01 (0.04) 0.00 (0.04)
In early and later childhood 0.07 (0.05) 0.08 (0.05) 0.05 (0.05) 0.05 (0.05)
In later childhood only 0.03 (0.03) 0.03 (0.03) −0.00 (0.03) −0.00 (0.03)
Deviance statistics 18.31 18.94 5.86 6.79
P-value for Chi-square (df = 6) 0.01 <0.01 0.44 0.34
−2 Log likelihood 9357.00 9138.48 6872.58 6681.72
aAdjusts for age, age2, left-behind stages, and the interaction effects between age × left-behind stage, and age2 × left-behind stage
bAdditionally adjusts for covariates, e.g., gender, only child, child insurance, maternal education, maternal height, household size, household income per capita,
asset score, wave, and province, which are not reported here
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not as tall as boys who were never left behind. By the
age of 14, boys who were never left behind were
153.7 cm tall, on average, while boys who were left be-
hind before the age of 6 were only 150.9 cm tall. An-
other measure of the difference between the two
groups of boys was the average age by which they
reached a height of 150 cm — 13.1 years for boys who
were never left behind and 13.7 years for boys who
were left behind in early childhood. Boys who were left
behind in later childhood (after the age of 6) also were
not as tall as boys who were never left behind by the
age of 14, although this difference was not as large as
the difference between those left behind at an early age
and those never left behind. Boys who were left behind
in both early and later childhood periods had the most
favourable height growth trajectory. But this group was
small (N = 78), thus our estimate may be unreliable.
For girls, being left behind was not significantly
associated with height, nor were they any significant
interactions with age and age square (Table 2). The
predicted heights for girls (Fig. 2) suggested girls who
were left behind before the age of 6 were shorter, on
average, than never left behind girls, by teenage years,
although these differences were not significant.
A similar gender difference emerged for the trajector-
ies of weight gain. Being left behind at different stages of
childhood was significantly associated with lower weight
gain among boys (p = 0.03 in Model 2, Table 3), but not
among girls. Once again, boys who were left behind be-
fore the age of 6 had the slowest increase in weight by
the age of 14 (36.7 kg) compared to boys who were
never left behind (42 kg), as shown in Figs. 3 and 4. Boys
who were never left behind had a weight of 36 kg, by the
age of 12.2 years, on average, while boys who were left
behind in early childhood reached that weight when they
turned 13.7 years old, on average. Boys who were left be-
hind in later childhood also had slower weight gain tra-
jectories than boys who were never left behind. Boys
who were left behind in both early and later childhood
periods had the most favourable weight increase trajec-
tory. But as this was a small group (N = 78), our estimate
may be unreliable.
Discussion
The present study aimed to examine the importance of
being left-behind on boys’ and girls’ height and weight
growth, and to explore the accumulation and critical
period hypotheses to the exposure of parental migration
in children’s nutritional status in terms of physical
development. We found that boys from intact households
tended to be better off in terms of height and weight
growth compared to boys who were left behind only dur-
ing early childhood, or only during later childhood, thus
finding some support for the critical period hypothesis.
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Fig. 1 Trajectories of height for boys in rural China (estimated from model 2, Table 2)
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There was a 2.8 cm difference in the predicted heights of
boys who were left behind in early childhood compared to
boys from intact households, by the age of 14. Similarly,
the difference in weight between the two groups of boys
was 5.3 kg by the age of 14. The accumulation hypothesis
was not supported since the adverse effects of being left
behind did not increase as the children aged. However,
this finding should be treated with caution as the
group of boys and girls who were left behind both in early
and later childhood was very small (N = 78 for boys and
N = 63 for girls).
Previous longitudinal evidence by drawing on CHNS
data shows that parental migration does not affect young
children’s HAZ (aged under 5 years old at baseline and
followed up once up to age 9), but it improves their
WAZ [10], and that LBC aged 7–12 are more likely to
be underweight compared to their non-left-behind peers
[9]. Our study suggests that being left behind in early
childhood (from birth to 5 years old) can negatively
affect boys’ height and weight growth by adolescence.
The discrepancy between our results and others’ can
partially derive from different age ranges of children,
and nutritional outcomes. For example, our study
targeted at children of a relatively wider age range, from
birth to 18 years old, compared to other studies. We
used height and weight as nutritional outcomes, rather
than adjusted height and weight by age and gender, such
as HAZ and WAZ as they are less straightforward to in-
terpret [24]. More importantly, previous studies [9, 10]
by using fixed effects models, tended to focus on within-
child change of height and weight over relatively shorter
time periods, but to neglect between-child differences
regarding to their left behind status. These differences
between LBC and children from intact households may
increase with age with much larger gaps observed by a
later stage of childhood (for example, by teenage years).
The use of the life course approach in our study allows
us to detect that being left behind in early childhood can
lead to slower height growth and weight gain for boys by
teenage years.
To our knowledge, the present study is the first at-
tempt to employ a life course approach to explore the
long-term associations between being left behind due
to paternal migration and children’s nutritional status.
A number of studies have consistently indicated that
growth restriction in the early years of life often leads
to several poor outcomes in adulthood [25–29]. Ac-
cordingly, life course studies suggest that health in-
equalities in adulthood, to some extent, begin in the
early years of life [30, 31]. These two aspects of the
literature provide some insights into how being left
behind can shape health across the life course. We
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Fig. 2 Trajectories of height for girls in rural China (estimated from model 2, Table 2)
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identified that the pre-school ages, from birth to 5 years,
constitute critical periods for the exposure to parental
migration in height growth and weight gain for boys.
That is, an early life health shock in terms of parental
migration can have long-term adverse effects on chil-
dren’s nutritional outcomes.
Although no direct comparisons were made, we were
still able to observe gender differences in the effects of
being left behind at different stages on height and weight
outcomes. For girls, being left behind at any time during
childhood did not appear to affect their growth trajec-
tories, while boys who were left behind in the preschool
years had the slowest growth trajectories. This suggests
that being left behind appears to be more detrimental for
boys than girls. This may be partly attributed to the nat-
ural selection of physiological traits that increases female
survival, which may render greater vulnerability of males
to health insults such as parental migration in early life
[32]. Some evidence, however, suggest the effect of paren-
tal migration can be more detrimental for girls than for
boys in the Chinese context. Parental migration results in
increased physical workload [33, 34] and time use on farm
work and domestic work for left-behind girls aged 7–14,
but not for boys of the same age range [35]. Moreover,
girls are more likely than boys to be disadvantaged in
nutrient intakes due to China’s ‘son preference’ norm, es-
pecially in rural areas [36]. Son preference in rural China
contributes to additional height growth advantage for
boys, and this effect becomes more pronounced in the
teenage years [37]. Our study does not directly compare
the effect of parental migration among boys and girls.
Thus, there seems to a gender paradox in China, where
sons are preferred, but being left behind appears to affect
them more than girls. This needs further exploration.
The pathways through which migration affects children’s
growth can be complex and multi-factorial. For example,
remittances from migrant parents can enhance LBC’s eco-
nomic status to improve access to healthcare services,
healthy living environments, and nutritious food. How-
ever, one negative aspect of parental migration is family
dissolution, which may expose LBC to adverse effects of
psychological and emotional wellbeing [38]. These psy-
chological symptoms may potentially affect dietary atti-
tudes and cause unhealthy behavioural problems like
Table 3 Estimates (standard errors) of weight and growth curve models fitted to boys and girls
Boys Girls
Fixed effects Model 1a Model 2b Model 1a Model 2b
Intercept 20.91 (0.18) 21.20 (0.41) 20.76 (0.24) 21.24 (0.50)
Age (mean centred at age 7) 2.46 (0.05) 2.41 (0.05) 2.57 (0.06) 2.48 (0.06)
Age2 0.08 (0.01) 0.08 (0.01) 0.09 (0.01) 0.08 (0.01)
Left-behind stage (reference group never left behind child aged 7)
Never left behind 0 0 0 0
In early childhood only 0.71 (0.50) 0.76 (0.47) 0.06 (0.65) 0.10 (0.58)
In early and later childhood −1.04 (0.65) −0.49 (0.59) −0.15 (0.84) 0.40 (0.74)
In later childhood only −0.89 (0.41) −0.49 (0.37) −1.28 (0.55) −0.81 (0.48)
Deviance statistics 10.26 5.72 5.66 3.51
P-value for Chi-square (df = 3) 0.02 0.13 0.13 0.32
Interactions (reference group never left behind child aged 7):
Age × Left-behind stage:
In early childhood only −0.30 (0.20) −0.30 (0.20) 0.13 (0.19) 0.10 (0.19)
In early and later childhood −0.01 (0.16) −0.03 (0.16) 0.08 (0.19) 0.05 (0.18)
In later childhood only −0.21 (0.10) −0.16 (0.10) −0.20 (0.11) −0.21 (0.11)
Age2 × Left-behind stage:
In early childhood only −0.08 (0.03) −0.08 (0.03) 0.03 (0.03) 0.02 (0.03)
In early and later childhood 0.04 (0.03) 0.04 (0.03) −0.02 (0.03) −0.01 (0.03)
In later childhood only −0.00 (0.02) −0.00 (0.02) 0.01 (0.02) 0.02 (0.02)
Deviance statistics 15.97 13.89 6.42 7.15
P-value for Chi-square (df = 6) 0.01 0.03 0.38 0.31
−2 Log likelihood 7567.18 7416.62 5709.49 5589.92
aAdjusts for age, age2, left-behind stages, and the interaction effects between age × left-behind stage, and age2 × left-behind stage
bAdditionally adjusts for covariates, e.g., gender, only child, child insurance, maternal education, maternal weight, household size, household income per capita,
asset score, wave, and province, which are not reported here
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smoking in adolescence, which could jeopardize LBC’s
nutritional status [39–43]. Unfortunately, we were not
able to distinguish the different mechanisms through
which migration affects children’s nutritional status.
Regardless of possible pathways, it can be useful and im-
portant to be able to identify and narrow down the spe-
cific ages at which the window of opportunity opens in
order to facilitate interventions. Identifying the specific
ages of critical period in childhood is a first step to design
and deliver adequate interventions.
The limitations of this study mainly relate to data is-
sues given that the CHNS was not originally designed
to study internal migration and LBC. First, the study
period we looked at is from 1997–2009, making use of
five waves (1997, 2000, 2004, 2006 and 2009). We iden-
tified LBC according to the migration status of parents
based on particular time points. However, parental mi-
gration status could have changed between waves, for
example, old parental return or new parental migration
between two time points, which were not tracked by
the CHNS. This could lead to an underestimation of
the LBC sample. Furthermore, we might have underes-
timated the samples of children who were left behind
only in later childhood (aged 6–17) and those left be-
hind throughout childhood (aged 0–5 and aged 6–17).
We focused on multiple cohorts (aged 0–6) at each
wave but were unable to follow all of them up to age 18
due to the limited time span (from 1997–2009). Sec-
ond, previous studies suggest that being left behind by
different parents may have different impacts on chil-
dren’s nutritional status [7, 44, 45]. The present study
did not distinguish whether children are left behind by
the father, the mother, or by both parents because of
the small numbers in these categories. Third, even
though we tried to adjust for as many relevant con-
founders as possible, there are still certain important
time-varying factors that were not captured by the
CHNS, including remittances from migrant parent (s)
[46] as well as the caregiving arrangements for children
left behind [47–49]. This is particularly relevant for the
children who were left behind at an early age — the
families of such children may be much more disadvan-
taged than other groups of children and we may not
have been able to adequately control for such disadvan-
tage in our analyses.
And finally, one main limitation with this, and any lon-
gitudinal dataset, is missing data and sample attrition. In
the CHNS, older children may not take part in later sur-
veys, and school children who were in boarding schools,
and who subsequently entered colleges and universities,
may miss certain rounds of survey. Also, children may
themselves migrate when aged above 16 years old [14].
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Fig. 3 Trajectories of weight for boys in rural China (estimated from model 2, Table 3)
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Sample attrition and missing data could thus lead to
biased results. We examined predictors of sample attrition
and missingness in our study and found several variables
that were related to attrition/missingness (results not
shown), such as household income per capita, household
size, child age, whether a child is the single child within
his/her household, and asset score. These predictors could
cause either downward or upward bias in our estimates.
For example, it suggested that poorer children were more
likely to drop out from subsequent surveys as they might
have experienced more difficulties to participate. Given
poorer children may have slower growth rates than richer
children, so the attrition of poorer children can lead to a
downward bias in our estimate of the effect of being left
behind on children’s growth rates. We also found that
children from larger families were less likely to drop out
and a larger family size could be more detrimental to chil-
dren’s growth rates due to restricted resource allocation,
so our estimates could have been overestimated. There-
fore, we were unable to distinguish the exact direction of
bias that was introduced by sample attrition and missing-
ness in our estimates. This is a major limitation of this
study. An accelerated longitudinal design enabled us to
track age-outcome trajectories over the entire childhood
(from ages 0 to 17) during a relatively shorter study period
(from 1997–2009). However, one danger of an accelerated
longitudinal design is that it assumes there are no age-by-
cohort interaction effects; or in other words, it assumes
that a single growth trajectory can represent all the co-
horts [15]. In fact, such effects may arise due to demo-
graphic differences (i.e., age, family background) between
cohorts, and perhaps due to effects of history [50]. We ad-
justed for time effects by adding multiple baseline waves
to minimise cohort differences associated with historical
time in the age-outcome relationship but data pooled
from multiple cohorts ignoring demographic differences
may lead to biased inferences.
Conclusion
Being left behind due to parental migration during early
childhood, as compared to not being left behind, could
lead to slower height growth and weight gain for boys.
In contrast to previous findings that suggest contradic-
ting effects of being left behind on children’s growth,
the life course approach adopted in this study suggests
that early childhood is a critical period for children’s
growth in later life, especially for boys who are left be-
hind. The gender paradox in China, where sons are pre-
ferred, but being left behind appears to affect boys
more than girls, needs further exploration.
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